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DEVRUELQJGHYLFHVWRROGHUUDLOYHKLFOHVWRLPSURYHFUDVKZRUWKLQHVV)($PRGHOOLQJWRVLPXODWHWKHG\QDPLFUHVSRQVH
RIZHOGHGDQGEROWHG MRLQWVKDVEHHQFDUULHGRXWXVLQJ WKH/6'<1$FRGH)RU WKHZHOGHG MRLQWV WKH LQIOXHQFHRI
ZHOGLQJGHIHFWVVXFKDV ODFNRI IXVLRQZHOGXQGHUPDWFKLQJDQGZHOGFUDFNLQJRQ WKHSHUIRUPDQFHRI WKHHQHUJ\
DEVRUEHUV KDV EHHQ LQYHVWLJDWHG 7KH QXPHULFDO PRGHO YDOLGDWHG RQ WKH EDVLV RI UHVXOWV IURP LPSDFW WHVWV ZDV
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ZKRVHREMHFWLYH LV WR UHGXFH WKHFRQVHTXHQFHVRIFROOLVLRQDFFLGHQWV7KHVWDQGDUGGHVFULEHV WKHGHVLJQ
UHTXLUHPHQWV WKDW UDLOZD\ YHKLFOH ERGLHV VKRXOG IXOILOO LQ RUGHU WR ZLWKVWDQG FHUWDLQ FUDVK FRQGLWLRQV
EDVHG RQ WKH PRVW FRPPRQ DFFLGHQWV DQG DVVRFLDWHG ULVNV 2QH RI WKHVH GHVLJQ IHDWXUHV LV WKH
LQFRUSRUDWLRQRIHQHUJ\DEVRUELQJGHYLFHVDWHLWKHUHQGRIWKHWUDLQZKRVHPDLQIXQFWLRQLV WRSURYLGHD
FRQWUROOHG UDWH RI GHFHOHUDWLRQ RI WKH YHKLFOH LQ WKH HYHQW RI D FROOLVLRQ WKHUHE\ UHGXFLQJ WKH LPSDFW



















7KLVZRUN DQDO\VHV WKH FROOLVLRQ SHUIRUPDQFH RI D FRPPRQ GHVLJQ RI HQHUJ\ DEVRUEHU DVVHVVHV WKH
GDPDJHWROHUDQFHRIWKHGHVLJQDQGLQYHVWLJDWHVWKURXJK)($DQDO\VLVDSURSRVHGDOWHUQDWLYHLQVWDOODWLRQ
PHWKRG IRU HDVH RI DVVHPEO\ DQG UHSDLU DV ZHOO DV WR DLG LQVSHFWLRQ DQG PDLQWHQDQFH WKURXJKRXW WKH





(1  DOVR LQFOXGHV D OLNH IRU OLNH LPSDFW ZLWK PP RIIVHW 7KH  PP YHUWLFDO RIIVHW



























WKH EHKDYLRXU RI WKH MRLQWV EHWZHHQ WKH HQHUJ\ DEVRUEHU DQG WKH UHDFWLRQ SODWH RQWR ZKLFK WKH\ DUH
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KDYHGHYHORSHG LQVHUYLFH)DEULFDWLRQSUREOHPVPD\DULVHHLWKHU IURPLQFRUUHFWZHOGLQJSURFHGXUHVRU
GLIILFXOWLHV HQFRXQWHUHG E\ WKH ZHOGHU WR FRUUHFWO\ SRVLWLRQ WKH ZHOGLQJ JXQ GXH WR OLPLWHG DPRXQW RI
VSDFH URXQG D WXEH PRVW FRPPRQ ZKHQ PXOWLSOH VHWV RI WXEHV DUH XVHG LQ FORVH SUR[LPLW\ 6HUYLFH
GHIHFWVPD\DULVHIURPPHWDOWKLQQLQJGXHWRJHQHUDOFRUURVLRQRUFUDFNGHYHORSPHQWDVDUHVXOWRIVWUHVV
FRUURVLRQ RU FRUURVLRQ IDWLJXH DW WKH ZHOG UHJLRQ ,W LV WKHUHIRUH LPSRUWDQW WR NQRZ KRZ WKH HQHUJ\
DEVRUEHUVZRXOGEHKDYHZKHQWKHLQWHJULW\RIWKHZHOGHGMRLQWVLVFRPSURPLVHG

)XUWKHUPRUH RQFH WKH WXEHV DUH ZHOGHG WR WKHLU UHDFWLRQ SODWHV WKURXJK OLIH LQVSHFWLRQ RI WKHLU
















)RU WKLV UHDVRQ HQHUJ\ DEVRUEHUV LQFRUSRUDWH D ³VWDUWHU´ IROG WRPLQLPLVH WKH HIIHFWV RI WKH LQLWLDO ORDG
VSLNH)LJXUHVKRZVDQH[DPSOHRIVXFKDVWDUWHUIROGLQDQHQHUJ\DEVRUEHU

7KHPRGHOOLQJ LQYHVWLJDWHV WKHSHUIRUPDQFHRI HQHUJ\ DEVRUEHUVZLWKZHOGGHIHFWV UHSUHVHQWHGE\XQ
MRLQHGVLGHVRQWKHWXEHVZHOGLQWHJULW\FRPSOHWHO\ ORVWDVLQGLFDWHGE\WKHUHGOLQHV LQILJXUHDQG
PRGHOOHG LQ WKH)(DQDO\VLVDVXQWLHGUHJLRQV7KHDQDO\VLVH[DPLQHV WZRFDVHV WKH ILUVWFDVHVKRZLQJ
QRQZHOGHGVHFWLRQVRQWZRWXEHVDQGWKHVHFRQGFDVHQRQZHOGHGVHFWLRQVRQWKUHHRXWRIWKHIRXUWXEHV
WKHODWWHUEHLQJDQH[WUHPHFDVHVFHQDULR


































57KH LPSOHPHQWHGPRGHO IRU WKHZHOGHG VROXWLRQ LV FRPSRVHGRI %HO\WVFKNR7VD\ VKHOO
HOHPHQWV ZLWK  LQWHJUDWLRQ SRLQWV WKURXJK WKH WKLFNQHVV DQG DQ DYHUDJH GLPHQVLRQ RI  PP $OVR
GLIIHUHGPHFKDQLFDO SURSHUWLHV IRU WKH ZHOG WKH+$= DQG WKH EDVHPDWHULDO KDV EHHQ XVHG$XWRPDWLF
VLQJOHVXUIDFHFRQWDFWZLWKRXWIULFWLRQDQGVRIWFRQVWUDLQWIRUPXODWLRQKDVEHHQXVHGWRPRGHOWKHFRQWDFW
EHWZHHQ DOO WKH SDUWV DQG DFFRPPRGDWH WKH LQWHUDFWLRQV EHWZHHQ WKH IROGV ZLWKLQ D JLYHQ WXEH GXULQJ
FROODSVH7KH033DOJRULWKPVKDYHEHHQDFWLYDWHGDVZHOO7KHQRGHVRIWKHEDFNSODWHLQFRUUHVSRQGHQFH
WR WKH VXUIDFH DWWDFKHG WR WKH WUDLQ KDYHEHHQ FRPSOHWHO\ FRQVWUDLQHG7KH VLPXODWLRQVZHUHSHUIRUPHG












KDV EHHQ PRGHOOHG XVLQJ D 5,*,':$// 3/$1$5029,1*ZLWK DPDVV RI  WRQQHV DQG LPSDFW
YHORFLW\RIPVLHNPK
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,Q WKH IROORZLQJ WKH UHVXOWVRI WKHG\QDPLFDQDO\VLV UHODWHG WR WKHZHOGGHIHFWVDUHSUHVHQWHG ,Q WKH
PRGHOWKHGHIHFWVKDYHEHHQVLPXODWHGE\PHDQVRIERWK*XUVRQPRGHODQGXQW\LQJWKHQRGHVRQWKHHGJH
EHWZHHQWKHHOHPHQWVRIWKHZHOGDQGWKH+$=LQRUGHUWRVLPXODWHWKHODFNRIIXVLRQVHHILJ
7KH UHVXOWV IRU &DVH  VKRZ WKDW ERWK WKH VWHHO DQG DOXPLQLXP DEVRUEHU ZHOGHG MRLQW LQWHJULW\ LV
PDLQWDLQHGZKHQ WZRWXEHVKDYHZHOGGHIHFWVDQG WKHHQHUJ\DEVRUEHUVSHUIRUPDVGHVLJQHG+RZHYHU
ZKHQ WKH XQWLHG VLGHV DUH VLJQLILFDQW WKH IROGLQJ VWDUWV LQ D UHJXODUPDQQHU EXW GXH WR WKH QXPEHU RI
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RI DOXPLQLXPDEVRUEHUV EHFDXVHRI WKH IDFW WKDW WKH DOXPLQLXPZHOGV DUH ³XQGHUPDWFKHG´ VWUHQJWKRI
ZHOGORZHUWKDQVWUHQJWKRISDUHQWPDWHULDO


















WKH EROWHG VROXWLRQ GRHV QRW DIIHFW WKH SHUIRUPDQFH RI WKH WXEHV ,W LV WKHUHIRUH D IHDVLEOH VROXWLRQ
HVSHFLDOO\LIDOXPLQLXPDEVRUEHUVDUHXVHGZKLFKDUHPRUHSURQHWRIDLOXUHGXHWRZHOGGHIHFWV




























$ %ROWHG RQ DEVRUEHU GHVLJQ LV D YLDEOH DOWHUQDWLYH WR D ZHOGHG DEVRUEHU IRU UDLO YHKLFOH DSSOLFDWLRQV
RIIHULQJDGYDQWDJHVRIHDVHRIPDLQWHQDQFHDQGTXLFNUHSODFHPHQWIROORZLQJDFROOLVLRQZLWKVLJQLILFDQW
HFRQRPLFEHQHILWVERWKLQWHUPVRIUHSDLUSURFHGXUHVDQGWLPHWRUHWXUQWRVHUYLFH
7KH UHVXOWV DOVR VXJJHVW WKDW LW LV SRVVLEOH WR UHWURILW EROWHGRQ HQHUJ\ DEVRUEHUV RQ ROGHU YHKLFOHV WR
HQKDQFHWKHLUVDIHW\LQFROOLVLRQV
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